Physiologic and genomic analyses of nutrition-ethanol interactions during gestation: Implications for fetal ethanol toxicity.
Nutrition-ethanol (EtOH) interactions during gestation remain unclear primarily due to the lack of appropriate rodent models. In the present report we utilize total enteral nutrition (TEN) to specifically understand the roles of nutrition and caloric intake in EtOH-induced fetal toxicity. Time-impregnated rats were intragastrically fed either control or diets containing EtOH (8-14 g/kg/day) at a recommended caloric intake for pregnant rats or rats 30% undernourished, from gestation day (GD) 6-20. Decreased fetal weight and litter size (P < 0.05) and increased full litter resorptions (33% vs. 0%), were observed in undernourished dams compared to adequately fed rats given the same dose of EtOH, while undernutrition alone did not produce any fetal toxicity. Undernutrition led to impairment of EtOH metabolism, increased blood EtOH concentrations (160%), and decreased maternal hepatic ADH1 mRNA, protein, and activity. Microarray analyses of maternal hepatic gene expression on GD15 revealed that 369 genes were altered by EtOH in the presence of undernutrition, as compared to only 37 genes by EtOH per se (+/-2-fold, P < 0.05). Hierarchical clustering and gene ontology analysis revealed that stress and external stimulus responses, transcriptional regulation, cellular homeostasis, and protein metabolism were affected uniquely in the EtOH-under-nutrition group, but not by EtOH alone. Microarray data were confirmed using real-time RT-PCR. Undernourished EtOH-fed animals had 2-fold lower IGF-1 mRNA and 10-fold lower serum IGF-1 protein levels compared to undernourished controls (P < 0.0005). Examination of maternal GH signaling via STAT5a and -5b revealed significant reduction in both gene and protein expression produced by both EtOH and undernutrition. However, despite significantly elevated fetal BECs, fetal IGF-1 mRNA and protein were not affected by EtOH or EtOH-undernutrition combinations. Our data suggest that undernutrition potentiates the fetal toxicity of EtOH in part by disrupting maternal GH-IGF-1, signaling thereby decreasing maternal uterine capacity and placental growth.